SUMMARY Two hundred and fifty three patients were retrospectively assigned to eight different staging systems proposed fo' neuroblastomas, and the prognostic value of each staging system was evaluated individually. The ability of each system to predict prognosis was compared with the others and the system proposed by Evans et al found to be the best.predictor, even better than the recently proposed Tumour-Nodes-Metastases staging system. This is probably due to the fact that factors other than the resectability of the tumour play a major role in the survival of these children. Age was found to have independent prognostic significance whatever staging system was used.
The vagaries of the natural history of neuroblastomas are notorious, and because of this various staging systems have been proposed in estimating the prognosis for children with this tumour, mostly based on the extent of the disease, the surgical resectability, the pattern of metastatic spread, and, in some cases, the degree of histologic differentiation. The staging system of Evans et all is the mQst widely adopted, although the system proposed by Pinkel et a!2 3 is also widely used and recently a Tumour-Nodes-Metastases (TNM) staging system has been devised under the auspices of the International Union against Cancer. 4 The aims of this study were to restage retrospectively an unselected patient population comprising all children with neuroblastoma in Denmark during the period 1943-80 according to the various staging systems proposed, to compare the prognostic value of the different systems, and to evaluate the role of surgical excision of the primary tumour on the prognosis.
Material and methods
The patients comprised 255 cases of neuroblastoma treated in Denmark during the period 1943-80. Of these, 237 had been proved histologically. In the remaining 18 the case history pointed clearly to neuroblastoma but either the histological diagnosis was inconclusive-that is, suggestive of neuroblastoma-and could not be re-examined (13 4 , and stage 5 is significant (p=O-OOO1), whereas the difference between stages 2 and 3 is not significant. Figure 5 shows the survival curves in the different stages proposed by James.9 The prognosis gets progressively worse from stage I to stage III (p=O-OOOl), whereas the difference between stages III and IV is not significant. Figure 6 shows the survival curves in the different stages proposed by Thurman and Donaldson.10 The prognosis gets progressively worse from stage I to stage III (p=O0OOO1), whereas the difference between stages III and IV is not significant. Figure 7 shows the survival curves in the different I .n=20,
, . 0.8- Age at diagnosis and treatment have a significant prognostic value in this population (p<0001). Adjusting for these factors, the survival probability in each staging system was estimated using the logistic regression model. Each staging system was found to be significant (p<0-0001 in all cases), except the system of Thurman and Donaldson,10 where children aged under 1 year are excluded. In this case age at diagnosis was not significant. Otherwise age at diagnosis has independent prognostic value even when the staging systems are added (p<0-001). Thereafter all staging systems were added to the model in a stepwise manner if there was no redundancy, and the system of Evans et al1 6 was found to have independent prognostic value (p<0.0001), whereas the other staging systems provided no further information. The significance level was set at 0-05.
It is of interest that this study confirms the existence of stage IV-S of Evans et al 15 performed, of whom four died: one for surgical reasons, one as a result of fatal complications due to chemotherapy, one by homocide, and one (whose tumour was a sacrococcygeal teratoma with areas of neuroblastic tissue among many other types of mature and immature structures) from progressive disease. Three patients had a pT3a operation performed and none died.
In stage II of Evans et all 6 35 children had the primary tumour excised, by either primary (34 cases) or secondary operations (one case who had a ypTl operation performed. Histological examination of the tumour at that time, however, revealed only mature ganglioneuroma tissue. The child, who has survived, seems thus not to have had a beneficial effect from surgery.). Of the 34 children who had the tumour excised, 21 survived (survival rate 62%) compared with nine of the 15 patients who did not have the tumour excised (including the above mentioned patients who had the secondary operation performed) (survival rate 60 %). This was not significant. Nine patients had a pTl operation performed, five of whom survived. Twenty one patients had a pT3a operation performed, of whom 14 survived. Four patients had a pT3b operation performed, two of whom survived. There were no differences in survival between the different types of operation performed.
In stage III of Evans et al' 6 16 children had the primary tumour excised, by either primary (11 cases) or secondary (five) operations, of whom two survived (survival rate 13%), compared with none of the 19 children who did not have the tumour excised (not significant). The excisions performed were ypTl in one case (who died), pT3a in seven (one survivor), ypT3a in one (who died) pT3b in four (no survivors), and ypT3b in three (one survivor). Thus there were no differences in survival between the different types of operation performed.
In stage IV of Evans et a1l 6 28 children had the primary tumour excised, by either primary (20 cases) or secondary (8) operations, of whom two survived (survival rate 7 %), compared with one of the 111 children who did not have the primary tumour excised (survival rate 1 %) (not significant). The excisions performed were pTl in three cases (no survivors), pT3a in four (no survivors), ypT3a in one (who survived), pT3b in 13 cases (no survivors), and ypT3b in seven (one survivor). Again there were no differences in survival between the different types of operation performed.
In stage IV-S of Evans et all none of the children had the primary tumour excised at diagnosis, but two children had a secondary operation performed later. The operations performed were ypTO (as the primary tumour had disappeared) and ypTl, respectively. Both of these children survived, but it is difficult to evaluate the role of surgery in the survival in these cases. Two of the other eight children with stage IV-S disease had survived also. stage II most tumours were resected, and in stage III only about half of the tumours were resected. In stage IV it seems that the sensitivity of the tumour to irradiation and chemotherapy has the major influence on survival as a 'second look' operation is carried out on those who respond to the other treatment given17 20 24 and as resection of the primary tumour at diagnosis did not seem to influence the final outcome.17 20 The survival rate for the children in stage III-IV who underwent a 'second look' operation was 3/13 in this study, a figure that did not differ significantly from the survival rate of 7/10 reported by Grosfeld et al.24
Conclusion
In an unselected patient population the staging system proposed by Evans et all was found to be superior to other systems, including the recently proposed TNM system.4 This seems to be due to the fact that factors other than the resectability of the tumour play a major role in survival. Another reason could be that the tumour size in the system of Evans et all is related to the size of the patient, whereas the TNM clinical stage grouping system4 did not adjust tumour size to the size of the patient.
The result is based, however, on a retrospectively staged patient population, and only a prospective investigation could clarify which staging system is best. In a prospective investigation of the ability of the TNM staging system to predict the final outcome for patients with neuroblastoma, however, the patients should be staged according to the system of Evans et al' 6 as well. 
